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[57] ABSTRACT

A helium mass spectrometer leak detector includes a
spectrometer tube connected to the inlet of a high vac-
uum pump. Hellum tracer gas passes in reverse direc-
tion through the high vacuum pump from the foreline
to the spectrometer tube. Relatively high pressure gross
leak tests are performed, while maintaining the foreline
of the high vacuum pump at the required operating
pressure of about 100 millitorr, by passing the tracer gas
in reverse direction through one or two stages of a
mechanical vacuum pump. Test port pressures up to
about atmosphere can be accommodated, with only a
single mechanical vacuum pump required. According
to another feature, high test port pressures are accom-

modated using a variable flow restrictor and reverse-

connected mechanical vacuum pump in combination.

| 21 Claims, 2 Dr_'awing Sheets
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.
METHOD AND APPARATUS FOR GROSS LEAK
DETECTION

BACKGROUND OF THE INVENTION

This invention relates to detection of leaks in sealed
articles and, more particularly, to methods and appara-
tus for leak detection at relatively high test port pres-
sures which occur at high leak rates.

Helium mass spectrometer leak detection is a well-
known leak detection technique. Helium is used as a
tracer gas which passes through the smallest of leaks in
a sealed test piece. The helium is then drawn into a leak
~ detection instrument and measured. The quantlty of
helium corresponds to the leak rate. The most impor-
tant component of the instrument is a mass spectrometer
tube which detects and measures the helium. The input

gas 1s ionized and mass analyzed by the spectrometer.

tube in order to separate the helium component, which
is then measured. In one approach, a test piece is pres-
surized with helium. A sniffer probe connected to the
test port of a leak detector is moved around the exterior

of the test piece. In the vicinity of a leak, helium is
drawn into the probe and is measured by the leak detec--

tor. In an alternative approach, the interior of a test
piece is coupled to the test port of the leak detector.
Helium is sprayed onto the exterior of the test piece, is
drawn inside through a leak and is measured by the leak
detector. Helium mass spectrometer leak detection pro-
vides good sensitivity, a wide dynamic range, and is fast
and convenient to use.

One or the requirements of the spectrometer tube is
that the inlet through which the helium and other gases
are received be maintained at a relatively low pressure,
typically below 2X10—4 torr. In a so-called conven-
tional leak detector, a roughing pump, a diffusion pump
and associated forepump, and a cold trap are utilized in

a conventional vacuum pumping arrangement to main-

tain the input of the spectrometer tube at the requlred
. pressure. However, since the test port must be main-
tained at a relatively low pressure during a leak test, the
rough pumping cycle 1s relatively long. Furthermore, in
the testing of leaky or large volume parts, which results
in a high test port pressure, it may be difficuit or impos-
sible to achieve the required pressure level. If the re-
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in some applications to perform leak tests on very large
or leaky parts where this test port pressure level cannot
be attained. Heretofore, it has been possible to perform
heltum mass spectrometer leak tests with test port pres-
sures above 100 millitorr, but only with the use of two

- mechanical vacuum pumps and an intermediate flow

restrictor to maintain the foreline pressure at or below

100 millitorr.

It is a general object of the present invention to pro-
vide novel methods and apparatus for mass spectrome-
ter leak detection.

It is another object of the present invention to pro-
vide methods and apparatus for performing mass spec-

trometer leak tests at test port pressures substantially

above 100 millitorr utilizing only one mechanical pump.

It is still another object of the present invention to
provide methods and apparatus for leak detection
wherein the helium tracer gas passes in reverse direc-
tion through at least one stage of a mechanical vacuum
pump, SO as to permit testing at high test port pressures.

SUMMARY OF THE INVENTION

According to the present invention, these and other
objects and advantages are achieved in apparatus for -
leak detection at relatively high test port pressure. The
apparatus comprises a test port adapted for receiving a

- test sample containing a trace gas; a leak detection in-
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strument requiring a relatively low pressure for proper
operation; a mechanical vacuum pump having an inlet
and an interstage connection point between first and
second stages, and interconnection means for making
fluid connection between the test port and the inter-
stage connection point, and for making fluid connection
between the inlet of the vacuum pump and the leak

~ detection instrument during a gross leak test cycle. The
trace gas passes, at least in part, in reverse direction

through the mechanical vacuum pump to the leak de-
tection instrument.

Typically, the leak detection instrument comprises a
gas analysis instrument such as a mass spectrometer
tuned to detect the trace gas and having an inlet for

receiving the trace gas, and further comprises high

- vacuum pumping means characterized by a relatively

45

quired pressure level can be achieved at all, the pump-

ing cycle is lengthy.

- Many of these problems were eliminated in the coun-
terflow leak detector disclosed by Briggs in U.S. Pat.
No. 3,690,151. In this leak detector, the mass spectrome-
ter tube is connected to the inlet of a diffusion pump and

the helium tracer gas is introduced through the foreline,
or normal output port, of the diffusion pump. The diffu-

sion pump exhibits a high pressure ratio for heavier
gases, but a low pressure ratio for lighter gases such as
helium. Therefore, helium diffuses at an acceptable rate
in a reverse direction through the diffusion pump to the

50
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spectrometer tube and i1s measured. Heavier gases in the -

sample are, to a large degree, blocked by the diffusion
pump and prevented from reaching the spectrometer
tube. Due to the method of reverse flow in the diffusion
pump, the leak detector test port can be operated at the
pressure required at the diffusion pump foreline. This
pressure, typically 100 millitorr, is several orders of
magnitude higher than the required operating pressure
- of the spectrometer tube and is relatively easy to attain.
A test port pressure of 100 millitorr is satisfactory for

many leak test applications. Nonetheless, it is desirable

65

high reverse diffusion rate for light gases and a rela-
tively low reverse diffusion rate for heavy gases. The
high vacuum pumping means has a pump inlet coupled
to the inlet of the gas analysis instrument and a foreline
which is the inlet of the leak detection instrument.
According to another aspect of the invention, the
interconnection means further includes means for mak-
ing fluid connection between the test port and a gas
ballast port on the output side of the second stage of the
mechanical vacuum pump, and for making fluid con-

nection between the inlet of the mechanical pump and

the leak detection instrument during a high pressure
gross leak test cycle. The trace gas passes, at least in
part, in reverse direction through both stages of the
mechanical vacuum pump to the leak detection instru-
ment. |

According to yet another aspect of the present inven-
tion, the above-described leak detection apparatus fur-
ther includes means for sensing the pressure level at the
test port and providing a test port pressure signal, and
restriction means disposed in the fluid connection be-
tween the test port and the interstage connection point -
for restricting the flow of gas in response to the test port
pressure signal, in accordance with a predetermined
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relationship between the test port pressure and flow
rate. The restriction means can comprise 2 modulato
valve. '
According to still another aspect of the present inven-
tion, there is provided a method for leak detection at
relatively high test port pressure with a leak detection
instrument requiring a relatively low pressure for
proper operation. The method comprises the steps of
initially evacuating the test port by connecting the inlet

of a mechanical pump thereto while isolating the leak
detection instrument from the test port, and subse-
quently connecting the test port to an outlet of a stage

of the mechanical pump and connecting the inlet of the
mechanical vacuum pump to the inlet of the leak detec-
tion instrument, such that the inlet of the leak detection
instrument is maintained at low pressure and the trace
gas received at the test port passes, at least in part, in
reverse direction through the mechanical vacuum
pump to the leak detection instrument.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention,
together with other and further objects, advantages and
capabilities thereof, reference may be had to the accom-
panying drawings which are incorporated herein by
reference and in which:

FIG. 1 is a schematic diagram of a leak detection
system in accordance with the present invention;

FIG. 2 is a schematic diagram of another preferred

== embodiment of the present invention;

FIG. 2A illustrates an alternate to the modulator
valve shown in FIG. 2: and

FIG. 3 is a schematic diagram of yet another pre-
ferred embodiment of the present invention.

"DETAILED DESCRIPTION OF THE
INVENTION

- A leak detection system in accordance with the pres-
ent invention is shown in schematic form in FIG. 1. The

- system can perform both fine leak tests, or tests at rela-
. tively low test port pressure, and gross leak tests, or
z3. tests on large volume or leaky test pieces. The fine leak
~ test 18 performed in accordance with a known contra-

flow technique as described in U.S. Pat. No. 3,690,151.
The gross leak test is performed in a novel manner as
shown and described hereinafter.

A test piece 10 or a sniffer probe (not shown) is cou-
pled vacuum-tight to a test port 12. The test port 12 is
coupled through a roughing valve 14 to the inlet 16 of
a mechanical vacuum pump 18. The elements shown in
FIG. 1 are coupled by suitable gas-tight connections,
such as 13-inch O.D. tubing. The inlet 16 to the mechan-
ical vacuum pump 18 is also coupled through a test
valve 20 to the foreline 22 of a high vacuum pump 24.
The high vacuum pump 24 can be a diffusion pump or
a turbomolecular pump. An inlet of the pump 24 is
coupled to an inlet of a spectrometer tube 26. The pump
24 and the spectrometer tube 26 can be similar to the
- units used in the Model 938-41 Leak Detector manufac-
tured by the Varian Vacuum Products Division. A vent
valve 28 coupled to the test port 12 permits venting of
the test piece 10, while a vacuum gauge 30 coupled to
the test port 12 measures the pressure thereof.

In the present example, the mechanical vacuum pump
18 15 a two-stage rotary vane pump such as a Varian
Model SD200 or SD300. The pump includes a first
stage 36 connected to the inlet 16 and a second stage 38
which is connected to the output of the first stage 36 by
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an interstage conduit 40. The second stage 38 is ex-
hausted through a pump output 42. The pump also
includes a gas ballast connection point 44 normally used
for degassing the pump oil for removal of water vapor.
An interstage connection point 46 is provided by boring
a hole through the wall of the vacuum pump 18 to the
interstage conduit 40. The test port 12 is connected
through a gross leak test valve 50 to the interstage con-
nection point 46. Although the connections to the vac-
uum pump 18 are shown schematically in FIG. 1, it will
be understood that such connections are made by gas-
tight fittings. Gas drawn through the inlet 16 passes in
succession through the first stage 36 and the second
stage 38 to the output 42. Gas drawn through the inter-
stage connection point 46 passes through the second
stage 38 to the output 42. A small fraction of lighter
gases received at the point 46 passes in reverse direction
through the first stage 36 to the inlet 16.

The leak detection system shown in FIG. 1 has sev-
eral modes of operation controlled by the states of the
vacuum valves 14, 20, 28 and 50. It will be understood
that the states of the valves and the corresponding
modes of operation can be controlled manually, or can
be controlled automatically by an electronic control
system. In a roughing mode, the test piece 10 is reduced
in pressure from atmospheric pressure to an intermedi-
ate pressure, which depends in part on the characteris-
tics of the vacuum pump used for roughing and in part
on the size of the test piece and the severity of the leak.
After the roughing cycle, the system is switched to a
fine leak test mode or a gross leak test mode. Typically,
the fine leak test mode is used for test port intermediate
pressures below about 100 millitorr, while the gross leak
test mode is used for test port intermediate pressures
above about 100 millitorr. After completion of the leak
test, the test piece 10 is vented to atmospheric pressure
and removed.

In the roughing mode, the roughing valve 14 is
opened while the valves 20, 28 and 50 are closed. The
test port 12 is thus connected to the inlet of the mechan-
ical vacuum pump 18 which reduces the test port pres-
sure from atmospheric pressure to the intermediate

pressure level. If the vacuum gauge 30 indicates a pres-

sure compatible with the foreline 22 of the high vacuum
pump 24 (about 100 millitorr or lower), the fine leak test
mode is initiated by opening the test valve 20, with
valves 28 and 50 remaining closed and valve 14 remain-
ing open. The tracer gas helium is introduced onto the
outer surface of the test piece 10 such as by helium
spray. Alternatively, if the test piece is pressurized with
helium, then the sniffer probe is moved around the
outside of the test piece. The helium is drawn through
leaks into the interior of the test piece 10, or is drawn
into the sniffer probe, and passes into the leak detection
system through the test port 12. The helium then passes
through the valves 14 and 20 and into the high vacuum
pump foreline 22. As is known in the art, the helium,
because of its light weight, diffuses in a reverse direc-
tion through the high vacuum pump 24 to the spectrom-
eter tube 26. The spectrometer tube 26 is tuned to detect
and measure helium and to provide an output signal
which is proportional to the quantity of helium in the
gas sample received from the test piece 10 or sniffer
probe. The helium concentration is proportional to the
leak rate of the test piece 10. While the pump 24 passes
only a specified fraction of the helium to the spectrome-
ter tube 26, a sufficient quantity reaches the spectrome-
ter tube 26 to permit a highly accurate reading of leak
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rate. After leak testing is complete, the rough valve 14
is closed and the vent valve 28 is opened to vent the test
plece 10 to atmos.phere and permit its removal. Test
valve 20 remains open during vent.

In some cases, it is not possible during the roughmg
cycle to reach the pressure of approximately 100 milli-
torr required at the foreline 22 of the pump 24. This may
become evident during the roughing cycle or may be
known in advance when the test piece is particularly
large or leaky. In this situation, the gross leak test mode
is used. To place the system in the gross leak test mode,
roughing valve 14 is closed; and test valve 20 and gross
leak test valve 50 are opened with valve 28 remaining
closed. The test sample including the helium tracer gas
is introduced from the test port 12 through the valve 50
to the interstage connection point 16 of the mechanical
vacuum pump 18. The mliet 16 to the pump 18 is isolated
from the test port 12 and is connected through the valve
20 to the foreline 22 of the pump 24. The pressure at the
test port 12 is higher than the pump foreline 22 pressure
by an amount equal to the pressure drop through the
first stage 36 of the mechanical vacuum pump 18. Typi-
cally, the pressure at the foreline 22 can be maintained
at or below the required 100 millitorr for test port 12
pressures up to approximately 400 torr.

A large portlon of the sample gas received from the

test port 12 is exhausted through the second stage 38 of

the vacuum pump 18. However, it has been found that
a measurable quantity of helium passes in reverse direc-
tion through the first stage 36 to the inlet 16. The helium

then passes in reverse direction through the pump 24 to

the spectrometer tube 26 and is measured as described -
hereinabove in connection with the fine leak test mode.

‘The amount of helium reaching the spectrometer tube is
proportional to the size of the leak in the test piece 10.

10

| 6 |
An alternative to the modulator valve 60 shown in

FIG. 2 1s illustrated in schematic form in FIG. 2A. The
modulator valve 60 1s replaced by fixed flow restrictors
and valves in a parallel connection. FIG. 2A illustrates
only the portion of the leak detection system of FIG. 2
between the test port 12 and the interstage connection
point 46. The remainder of the system is as shown in
FI1G. 2. A flow restriction means 70 is connected in
series with the gross leak test valve 50. A valve control-
ler 72 receives a signal representative of the test port 12
pressure from the vacuum gauge 30 and controls the
flow control means 70. The flow control means 70 in-
cludes a valve 74 connected in series with a flow restric-

- tor 76 and a valve 78 connected 1n series with a flow

15

20

restrictor 80. The valve 74 and restrictor 76 combina-
tion 18 connected in parallel with the valve 78 and re-
strictor 80 combination to form the flow control means
70. The valve 74 controls gas flow through the restric-
tor 76 while the valve 78 controls flow through the
restrictor 80. The valves 74, 78 are controlled by the
valve controller 72 in response to the pressure measured

~ at the test port 12.

25
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As 1s well known in the art, the measured helium canbe

calibrated to correspond to a given leak rate. After leak

testing is complete, the rough valve 14 is closed and the

vent valve 28 is opened to vent the test piece to atmo-
sphere and permit its removal. Valve 50 is closed and

“#:  valve 20 remains open during vent. -
@+ Another feature of the present invention is shown in

FIG. 2. The leak detection system of FIG. 2 is similar in
most respects to the system shown in FIG. 1, with cor-
responding elements designated by the same reference
numerals. In addition, the system of FIG. 2 includes a
modulator valve 60, connected in series with the gross
leak test valve §0, in the conduit between the test port

40

43

- In operation, the valve controller 72 permits flow
through the different flow restrictors depending on the
pressure at the test port 12. For example, valve 74 can
be opened and valve 78 closed at pressures between 400
torr and 600 torr, while valve 78 is open and valve 74 is
closed for pressures above 600 torr. At pressures below
400 torr, both valves 74, 78 may be opened to obtain
increased flow. It will be understood that additional
parallel-connected valves and flow restrictors can be
added to increase the degree of control over flow into
the mechanical vacuum pump 18.

Another feature of the present invention is illustrated

in FIG. 3. The leak detection system of FIG. 3 is similar

in most respects to the system shown in FIG. 1 with
corresponding elements designated by the same refer-
ence numerals. The system of FIG. 3 operates in the
manner described above for the roughing mode and the
fine leak test mode. The gross leak test mode is per-
formed as described hereinabove in connection with
FIG. 1 by opening valves 50 and 20 and by closing
valve 14. The leak detection system of FIG. 3 includes

an additional gastight connection between the test port
12 and the gas ballast connection point 44 at the output
-of the second stage 38 of the mechanical vacuum pump

18 through a high pressure leak test valve 90. As noted

~ hereinabove, the valve 50 connected to the interstage

12 and the interstage connection point 46. The system of sq

FIG. 2 operates in the manner described hereinabove
for the roughing mode and the fine leak test mode. The

modulator valve 60 shown in FIG. 2 permits gross leak

tests to be performed at higher test port 12 pressures.
The modulator valve 60 is controlled by a valve con-
troller 62 in response to a signal from the vacuum gauge
30 representative of the test port 12 pressure. The mod-
ulator valve 60 varies the gas flow rate between the test
port 12 and the mechanical vacuum pump 18 in re-
sponse to the control signal from the controller 62. For
example, the controller 62 can control the valve 60 so as
to reduce the flow rate as the test port 12 pressure in-
creases above 400 torr. The controller 62 can provide a
predetermined flow rate versus test port 12 pressure

33

connection point 46 permits gross leak tests in the range
from 100 millitorr up to about 400 torr test port 12
pressure. In some circumstances, it is necessary to per-
form leak tests at pressures in the range between 400
torr and atmOSphenc pressure. In this case, the system |
shown in FIG. 3 is utilized.

In order to perform a high pressure leak test in accor-

- dance with the present invention, the test piece is first

characteristic. Thus, the pressure at the foreline 22 of 65

the pump 24 is maintained at an acceptable level during
a gross leak test, even for pressures at test port 12 in
excess of 400 torr.

rough vacuum pumped in a roughing cycle as described
hereinabove with valve 14 open and valves 28, 50, 90

- and 20 closed. Then, with valves 28 and 50 remaining

closed, the valve 14 is closed; and the high pressure leak
test valve 90 and the test valve 20 are opened. This
provides a connection between the test port 12 and the
output of the second stage 38 of the vacuum pump 18.
The test port 12 therefore can operate at a pressure
considerably higher than that required at the foreline 22
of the pump 24. The difference in pressures is deter-
mined by the pressure drop through the vacuum pump

- 18. It has been found that with this arrangement the
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foreline 22 can be maintained at or below the required
pressure of 100 millitorr, while the test port 12 can be
operated in the range between 400 torr and atmospheric
pressure. Helium received in the test sample from the
test piece 10 passes in reverse direction through the
second stage 38 and the first stage 36 of the mechanical

- vacuum pump 18 and then passes in reverse direction

through the pump 24 to the spectrometer tube 26 and is
measured. It will be understood that only a fraction of
the helium passes through both of the vacuum pumps 18
and 24 in reverse direction. However, since a substantial

leak 1s necessary to raise the pressure above the 400 torr
level, a large amount of helium is received and a suffi-
cient quantity of helium reaches the spectrometer tube

26 to be measured.

The present invention has teen described with refer-
ence to two stage rotary vane mechanical vacuum
pumps. In general, the invention can be utilized in a
gross leak test or high pressure leak test by passing the

d

10

15

test sample in reverse direction through one or more 20

stages of any roughing, or mechanical vacuum pump of
suitable construction. Furthermore, the invention has
been described with reference to a contraflow type leak
detection system. In general, the invention can be uti-

lized with any suitable leak detection system requiring a

relatively low pressure at its input, so as to increase the
permissible test port pressure. The high vacuum pump
24 and the spectrometer tube 26 combination shown in
FIGS. 1-3 can be considered a leak detection instru-
ment requiring an operating pressure of about 100 milli-
torr at the pump foreline. The remaining elements func-

- tion, in part, to control the pressure at the foreline, as

described hereinabove. |

The system of the present invention has been de-
scribed hereinabove in respect to permitting leak tests at
relatively high test port pressures. An additional impor-
tant advantage of the present system is that the leak
detection system requires only a single mechanical vac-
uum pump for operation over a wide range of pressures.
Prior art systems have typically required a roughing

- pump used during a roughing cycle and during a leak
- test, and a forepump utilized with a diffusion pump to
© maintain the required pressure at the diffusion pump

foreline during a leak test. By elimination of the require-
ment for a second mechanical vacuum pump in the
present invention, the size, cost and weight of the leak
detection system are substantially reduced.

While there has been shown and described what is at
present constdered the preferred embodiments of the
invention, it will be obvious to those skilled in the art
that various changes and modifications may be made
therein without departing from the scope of the inven-
tion as defined by the appended claims.

I claim:

1. Apparatus for leak detection at relatively high test
port pressure, comprising:

a test port adapted for receiving a test sample contain-

Ing a trace gas;

a leak detection instrument requiring a relatively low
pressure for proper operation:

a mechanical low vacuum pump of the type suitable
for roughing and foreline pumping use having an
inlet and an interstage connection point between
first and second stages; and

interconnection means for making fluid connection
between said test port and said interstage connec-
tion point and between said inlet of said vacuum
pump and said leak detection instrument during a
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gross leak test cycle, whereby said trace gas passes,
at least in part, in reverse direction through said
mechanical vacuum pump to said leak detection
instrument.

2. Apparatus as defined in claim 1 wherein said leak
detection instrument comprises

~a gas analysis instrument tuned to detect said trace
gas and having an inlet for receiving said trace gas,
and
high vacuum pumping means characterized by a rela-
tively high reverse diffusion rate for light gases and
a relatively low reverse diffusion rate for heavy
gases, said high vacuum pumping means having a
pump inlet coupled to said inlet of said gas analysis
instrument and a foreline which is the inlet of said
leak detection instrument such that said trace gas
passes in reverse direction through said high vac-
uum pumping means to said gas analysis instru-
ment.
3. Apparatus as defined in claim 2 wherein said high
vacuum pumping means comprises a diffusion pump.
4. Apparatus as defined in claim 2 wherein said high
vacuum pumping means comprises a turbomolecular
pump.
S. Apparatus as defined in claim 2 wherein said gas
analysis instrument comprises a spectrometer tube
tuned to detect helium.
6. Apparatus as defined in claim 1 wherein said me-
chanical vacuum pump comprises a two stage rotary
vane mechanical vacuum pump.
7. Apparatus as defined in claim 6 wherein said inter-
connection means further includes means for making
fluid connection between said test port and said inlet of
said mechanical vacuum pump during a roughing cycle
prior to said gross leak test cycle.
8. Apparatus as defined in claim 6 wherein said inter-
connection means further includes means for making
fluid connection between said test port and a gas ballast
port on the output side of the second stage of said me-
chanical vacuum pump and for making fluid connection
between said inlet of said mechanical vacuum pump and
said leak detection instrument during a high pressure
gross leak test cycle, whereby said trace gas passes, at
least 1n part, in reverse direction through both stages of
said mechanical vacuum pump to said leak detection
instrument.
9. Apparatus as defined in claim 1 further including
means for sensing the pressure level at said test port
and providing a test port pressure signal, and |

restriction means disposed in the fluid connection
between said test port and said interstage connec-
tion point for restricting the flow of gas in response
to said test port pressure signal in accordance with
a predetermined relationship between test port
pressure and flow rate.

10. Apparatus as defined in claim 9 wherein said re-
striction means comprises a modulator valve.

11. Apparatus as defined in claim 9 wherein said re-
strictor means comprises a plurality of paraliel con-
nected vacuum valves and associated flow restrictors.

12. Apparatus as defined in claim 7 wherein said inter-
connection means further includes means for making
direct fluid connection between said test port and said
leak detection instrument during a fine leak test cycle
when the test port pressure is compatible with said leak
detection instrument.

13. A method for leak detection at relatively high test
port pressure with a leak detection instrument requiring
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~ arelatively low pressure for proper operation, compris-

ing the steps of:
initially evacuating the test port by connecting the
‘inlet of a mechanical vacuum pump thereto while
isolating the leak detection instrument from the test
port; and
subsequently connecting the test port to an outlet of a
stage of said mechanical vacuaum pump and con-

4,735,084

necting the inlet of the mechanical vacuum pump

to the inlet of the leak detection instrument such
that said inlet of the leak detection instrument is
maintained at low pressure and the trace gas re-

ceived at said test port passes, at least in part, in

reverse direction through the mechanical vacuum
pump to the leak detection instrument. N

14. The leak detection method as defined in claim 13

wherein the step of connecting the test port to said

10

15

mechanical vacuum pump includes connecting the test

port to a connection point between the stages of a two-
stage rotary vane mechanical vacuum pump.
15. The leak detection method as defined in claim 14
further including the steps of
sensing the pressure level at said test port and
restricting the flow of gas from said test port to said
connection point in response to the pressure level

20

at said test port such that the pressure at the inlet of

said leak detection instrument is maintained at an

acceptable level. |
16. The leak detection method as defined in claim 13 ,
wherein the step of connecting the test port to sa.ld

mechanical vacuum pump includes connecting the test

port to a gas ballast port at the second stage output of a
two-stage rotary vane mechanical vacuum pump.

17. Apparatus for leak detection at relatively high test

port pressure, comprising:

a test port adapted for receiving a test sample contmn
ing a trace gas;

a leak detection instrument requiring a relatlvely low
pressure for proper operation;

a two stage mechanical vacuum pump having an inlet
and a gas ballast connection point at the output of
the second stage; and |

interconnection means for making fluid connection
between said test port and said gas ballast connec-
tion point and for making fluid connection between
said inlet of said vacuum pump and said leak detec-
tion instrument during a gross leak test cycle,
whereby said trace gas passes, at least in part, in
reverse direction through both stages of said me-
chanical vacuum pump to said leak detection in-
strument. |

18. Apparatus as defined in claim 17 wherein said leak

detection instrument comprises
a gas analysis instrument tuned to detect said trace
gas and having an inlet for receiving said trace gas,
and
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high vacuum pumping means characterized by a rela-
tively high reverse diffusion rate for light gases and
a relatively low reverse diffusion rate for heavy
gases, said high vacuum pumping means having a
pump inlet coupled to said inlet of said gas analysis
instrument and a foreline which is the inlet of said
leak detection instrument such that said trace gas
passes in reverse direction through said high vac-
uum pumping means to said gas analysis instru-
ment.

19 Apparatus as defined in claim 18 wherein said
interconnection means further includes means for mak-
ing fluid connection between said test port and said inlet
of said mechanical vacuum pump during a roughing
cycle prior to said gross leak test cycle.

20. Apparatus for leak detection comprising: -

a test port adapted for receiving a test sample contam-

ing a trace gas; |

a. gas analysis instrument tuned to detect said trace

gas and having an inlet for receiving said trace gas;
high vacuum pumping means characterized by a rela-
tively high reverse diffusion rate for light gases and

~ a relatively low reverse diffusion rate for heavy

- gases, said high vacuum pumping means having a

pump inlet and a foreline, said pump inlet being
coupled to said inlet of said gas analysis instrument;

a mechanical vacuum pumP having at least a first

stage;
interconnection means for making fluid connection
between said test port and an inlet of said mechani-
cal vacuum pump during a roughing cycle; and

interconnection means for making fluid connection
between said test port and a connection point at the
outlet of said first stage of said mechanical vacuum
pump and between said inlet of said vacuum pump
and said foreline of said high vacuum pumping
means during a gross leak test cycle,

whereby said trace gas passes, at least in part, in re-

verse direction through said mechanical vacuum
pump and said high vacuum pumping means to said
gas analysis instrument durmg sald gross leak test
cycle.

21. Apparatus for leak detection at relatlvely high test
port pressure, comprising:

a test port adapted for receiving a test sample contain-
| ing a trace gas;

a leak detection instrument requiring a relatlvely low
- pressure level for proper operation; and

a mechanical low vacuum pump of the type suitable

for roughing and foreline pumping use having at
least one stage connected in reverse direction be-
‘tween said test port and said leak detection instru-
ment such that the trace gas passes in reverse direc-
tion from the outlet through said at least one stage
to the inlet thereof and then to saJd leak detection

instrument.
1_: x 4 X x
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